Abstract: Although the Achilles tendon (AT) is the strongest tendon in the human body, rupture of this tendon is one of the most common sports injuries in the athletic population. Despite numerous nonoperative and operative methods that have been described, there is no universal agreement about the optimal management strategy of acute total AT ruptures. The management of AT ruptures should aim to minimize the morbidity of the injury, optimize rapid return to full function, and prevent complications. Since endoscopy-assisted percutaneous AT repair allows direct visualization of the synovia and protects the paratenon that is important in biological healing of the AT, this technique becomes a reasonable treatment option in AT ruptures. Furthermore, Achilles tendoscopy technique may decrease the complications about the sural nerve. Also, early functional postoperative physiotherapy following surgery may improve the surgical outcomes.
Introduction
It is well known that the Achilles tendon (AT) has a high capacity to withstand tensional forces created by the movements of the human body, and so it is the strongest and thickest tendon in the human body. 1, 2 In spite of its size and strength, there is a high incidence of AT injuries, and it has been stated that 6%-18% of all sporting injuries involve the AT. AT ruptures commonly occur during sporting activities; furthermore, there is a tendency of increase in the incidence of ruptures because of 'weekend warriors' who are over 30 years of age. AT ruptures are reported as the third most frequent major tendon rupture, following rotator cuff and quadriceps ruptures. 3, 4 Despite numerous nonoperative (casting or functional bracing) and operative methods, optimal treatment of AT ruptures remains controversial, and management is still determined by the preferences of the surgeon and the patient.
To date, clinical studies have focused on cast immobilization, open surgical repair, and minimally invasive percutaneous repair. Cast immobilization may lead to suboptimal healing, with elongation of the tendon; however, reduced strength of the calf muscles and unacceptably high rate of rerupture with an incidence up to 39% seem major disadvantages of this modality. [5] [6] [7] [8] [9] [10] Open surgical repair of the AT is the commonly preferred method, but it carries specific risks, including adhesions between the tendon and the skin, infection, and particularly wound breakdown. [11] [12] [13] The advantages of the operative and conservative methods are combined in minimally invasive percutaneous repair technique, and this technique has become popular in recent years. The major disadvantages of percutaneous repair technique are not being able to direct visualiza- 
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Doral et al tion of the tendon ends and complications about sural nerve entrapment; however, these problems may be overcome by performing the percutaneous repair under endoscopic control. [14] [15] [16] Application of autologous growth factors also seems promising to improve the potential of biological tissue healing response. [17] [18] [19] [20] [21] One of the keystones of a successful treatment is early physiotherapy after surgical approach.
Endoscopy-assisted percutaneous repair
The operation is performed with the patient in the prone position and under local infiltration anesthesia without a tourniquet. There is no need to administer antibiotic or antithrombotic prophylaxis. Before starting the procedure, the rupture site and location of the gap are marked (Figure 1 ). Subsequently, to minimize local bleeding, proximal (about 5 cm) and distal (about 4 cm) to the palpated gap, the skin, the subcutaneous tissues, and the peritendon are infiltrated with 20-50 mL 0.9% saline solution with local anesthetic (1% Citanest ® 5 mL + 0.5% Marcain ® 5 mL) around the eight planned stab wounds, four medial and four lateral to the tendon, distributed evenly proximally and distally to the ruptured area ( Figure 2) . No other medications, nerve blocks, or other types of anesthetics are administered.
Using the nick and spread technique, these puncture holes are later enlarged and used for needle entry. Special attention is paid to the lateral AT area, especially proximally, where the sural nerve lies close to and crosses the AT. During the injection of local anesthetic or at any time during the procedure, the patient is prompted to report any paresthesia or pain in the area of distribution of the sural nerve. If pain is reported, the injection site is shifted 0.5-1 cm toward the midline. The tendon and paratenon are examined with a 30° arthroscope (Smith and Nephew, London, UK) via the distal medial incision, and the injured foot is positioned in ∼15° of plantar flexion (Figure 3 ). After the level of the rupture has been determined, the continuity of the surrounding tissues together with their consistency and vascularization are evaluated. The torn ends of the AT are inspected and, if necessary, are manipulated within the paratenon. The passing of the suture through the AT is also controlled with the scope. In this study, we used an Ethibond No. 5 or PDS No. 5 (Ethicon Inc, Johnson and Johnson, Somerville, NJ) suture with a modified Bunnell configuration. The needle with the PDS or Ethibond suture is first introduced through the upper medial portal ( Figure 4A, B) . To ensure that the AT is caught fully by the needle, the tendon is gently palpated between the thumb and the index finger of the opposite hand. This first bite is a transverse one, and the needle emerges from the upper lateral portal ( Figure 4A) . The needle is then retrieved, introduced again through it, and passed through the upper lateral portal toward portal 3. The procedure is repeated in a proximal-to-distal direction going from portal 3 to portal 4, from portal 4 to portal 5, from portal 5 to portal 
Figure 6
Before tying the suture, the patient is instructed to actively dorsi-and plantar-flex the ankle in order to make sure that appropriate tension is imparted to the suture. submit your manuscript | www.dovepress.com
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Achilles tendon rupture 6, from portal 6 to portal 7, and from portal 7 to portal 8, the distal-most lateral portal. At this point, the needle is retrieved from portal 8, introduced through it, and passed through the distal-most lateral portal toward portal 5, and the procedure described above is repeated backward in a distal-to-proximal direction until the needle is finally returned to the upper medial portal ( Figure 5 ). First, we pass the suture from the proximal medial incision and out from the medial incision just above the ruptured tendon, making sure that the body of the proximal stump of the tendon is squeezed between the thumb and the index fingers ( Figure 4A ). Second, we pass the suture from the same incision and out from the lateral stab incision just above the tendon ( Figure 4A ). Finally, as in the first step, the suture is passed through this distal stab incision, carried to proximal, and then out from the superior medial side again ( Figure 5 ). During the suture passage, the arthroscope is placed alternatively in the various entry portals, and the AT is inspected from the medial and lateral aspects. The proximal and distal stumps are also inspected from proximal and distal directions to make sure that the tendon stumps are juxtaposed. Through the endoscope, we also ensured that the sutures are presented in the tendon at different levels on the coronal plane so that the chance of them cutting through is minimized during the process of tensioning. Finally, the sutures are tensioned and tied in the proximal medial entry portal with the ankle in neutral position while checking the tendon approximation through the arthroscope. Before tying the sutures with the ankle in neutral position, the patient is instructed to actively dorsiand plantar-flex the ankle with the knee at 90° of flexion to make sure that appropriate tension is imparted to the suture ( Figure 6 ). A final check is performed, and the suture is fully knotted and no drainage is used. Platelet-rich plasma (PRP) is prepared by withdrawing the patients' peripheral blood and centrifuging to obtain a highly concentrated sample of platelets, which undergo degranulation to release growth factors with healing properties. Following PRP injection to the ruptured site ( 
Physiotherapy
A standard rehabilitation program for percutaneous repair of AT, developed based on literature in the Orthopedic Rehabilitation Clinic, Hacettepe University, is initiated immediately (Table 1) . Patients are encouraged to weight-bearing ambulation with a walking brace-moon boot as tolerated (for 3 weeks only), alternating with a passive range of motion exercises. Physiotherapy, including electrical stimulation of the gastrosoleus muscle complex, cryotherapy, and therapeutic ultrasound, is applied around the AT for reduction of edema. Transverse friction massage is used to promote scar and tendon reformation. Patients are instructed to move the ankle four times a day between 20° of plantar flexion and 10° of dorsiflexion. The patients are requested to complete gentle isometric, eccentric, and concentric exercises of the ankle several times a day, with flexion and extension of the toes in a supine position and full plantar flexion and dorsiflexion of the ankle to neutral in a supine position, extension of the knee in a sitting position, flexion of the knee in a prone position, and extension of the hip in a prone position within the first 3 weeks. Full weight bearing is allowed after 3 weeks postoperatively without brace. From the 6th to 10th week, rehabilitation progresses to using elastic resistance bands; rotation of the ankles; standing on the toes and heels; ankle-stretching exercises to flexion with the help of a rubber band; stretching of the calf muscle by standing with the leg to be stretched straight behind and the other leg bent in front and leaning the body forward, with support from a wall or physiotherapist; stretching exercises for the toes and ankle against manual resistance in a sitting position; balance and proprioception exercises on different surface progress from bilateral to unilateral; and controlled squats, lunges, bilateral calf raise (progressing to unilateral), toe raises, controlled slow eccentrics versus body weight. After 10 weeks, patients are allowed training jogging/running, 
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Achilles tendon rupture jumping and eccentric loading exercises, noncompetitive sporting activities, sports-specific exercises, and returning to physically demanding sports and/or work.
Discussion
Although ruptures of the AT are a relatively common injury encountered by the orthopedic surgeon, the incidence in the general population is difficult to determine but it is well known that most ruptures (44%-83%) of the AT occur during sports activities. 2, 22, 23 Therefore, rupture of the AT is more common in males, with a male-to-female ratio ranging from 1.7:1 to 12:1, possibly reflecting the greater prevalence of males than females who are involved in sports. Typically, acute ruptures of the AT occur in men in the third or fourth decade of life, particularly those who work in a white-collar profession and play a sport occasionally.
2,24
Despite many studies and meta-analyses due to increasing incidence of the AT rupture, there is no consensus about the optimal management strategy of acute total AT rupture. 8, [25] [26] [27] Many techniques and procedures described for the treatment of ruptured AT can be grouped under three headings: open operative, percutaneous operative, and nonoperative.
The first description of the treatment of acute AT rupture is attributed to Ambroise Paré in 1575, and he recommended that a ruptured AT be strapped with bandages dipped in wine and spices, but the results were dubious. 2 Operative repair of a ruptured AT was advocated first in 1888 by Gustave Polaillon. 2 But before the 20th century, AT ruptures were treated nonoperatively. 28 However, in the early 20th century, following the level IV study by Abrahamsen 29 as well as Quenu and Stoinovitch, 30 surgical repair of acute Achilles ruptures became more common.
There are several publications that support conservative treatment, but operative treatment modalities have been the method of choice in the last 3 decades especially for athletes and young people. The most commonly used form of nonoperative treatment is immobilization in a plaster cast, usually for a period of 6-8 weeks. These authors suggested that operative repair of a ruptured AT should be avoided, as stripping of the paratenon during an operation reduces the amount of reactive tissue that is produced later at the site of the injury, and the paratenon provides a valuable blood supply to the damaged tendon. However, conservative treatment has less functional results with higher rerupture rates and hence should be kept for elderly and low-demanding patients. 31 In a systematic review, the probability of rerupture from nonoperative management was reported as 12.1%. 32 A primary goal of the treatment of a rupture of the AT is to avoid lengthening of the tendon, and this cannot be achieved with nonoperative treatment.
Afterward, reduced complication rates and improved functional outcomes led many surgeons to again advocate surgical repair of acute Achilles ruptures. Numerous open surgical procedures have been proposed for repairing ruptures of the AT, ranging from simple end-to-end suturing, with Bunnell or Kessler-type sutures, to more complex repairs with use of fascial reinforcement or tendon grafts. In addition to these artificial tendon implants, materials such as absorbable polymer-carbon fiber composites, Marlex mesh (monofilament knitted polypropylene), and collagen tendon prostheses have also been used. 2 Even though operative regimens present a lower rerupture rate, early functional rehabilitation, and stronger push off with a lower calf atrophy, 8, 10, 25, 28, 32, 33 open surgical repair also includes potential problems like joint stiffness, calf muscles atrophy, tendocutaneous adhesions, deep venous thrombosis due to prolonged immobilization, infection, scarification, algodysthrophie, and particularly the breakdown of the wound. 11, 32, [34] [35] [36] [37] Percutaneous repair technique was first described by Ma and Griffith 33 to avoid all these complications, and this technique has become a popular technique for orthopedic surgeons. However, the technique involves difficulties in achieving satisfactory contact of the tendon stumps and adequate initial fixation. Percutaneous suturing is criticized because it provides ∼50% of the initial strength afforded by open repair and has a higher rate of rerupture (6.4%) than open operative repair. 38, 39 Webb and Bannister 38 define percutaneous repair technique as a three-midline stab incision over the posterior aspect of the tendon in order to avoid sural nerve injury, and Wagnon and Akayi 40 report that this method is an effective option with functional and radiological outcomes, sural nerve entrapment seems to be a potential complication of this technique. 8, 33 Cadaveric dissections with computerassisted modeling in the sagittal and transverse planes showed that the sural nerve crossed the AT at, on average, 11 cm proximal to the calcaneal tubercle and, on average, 3.5 cm distal to the musculotendinous junction. 41 Therefore, in this area, the nerve is especially vulnerable to iatrogenic injury during surgery, particularly minimally invasive surgery. 41, 42 Since minimally invasive percutaneous repair techniques do not provide direct observation, percutaneous repair of AT rupture under endoscopic control has been suggested to overcome this blindness. 15, 16, 43, 44 Major advantages of endoscopy-assisted percutaneous repair are allowing direct observation of the process of suturing the AT and eliminating some of the disadvantages of the percutaneous repair techniques, especially the evaluation of the juxtaposition of the torn ends. 15, 38, [45] [46] [47] Since this technique allows early active ankle mobilization and weight bearing after a short period of cast immobilization, complications due to the prolonged immobilization may be prevented. Another important issue in this technique is that it could help to prevent the risk of damage to the sural nerve by allowing its direct visualization. However, knowledge of the local anatomy is crucial to place the stab wounds in the areas less likely to damage the sural nerve ( Figure 9) . 1 Since the paratenon is protected in endoscopic repair, biological advantage to the mechanical strength of the repair furnished by the suture material could be provided. Preservation of paratenon also decreases the gliding resistance of the extrasynovial tendons after repetitive motion, as in the example of synovial covering in the healing process of the posterior cruciate ligament, where a mechanically strong AT is achieved. 48 Furthermore, Achilles tendoscopy technique allows direct observation of the stab wounds and controlled juxtaposition of the tendon ends without damaging the paratenon. 49 Doral et al 27 highlighted the importance of endoscopic repair in protecting paratenon on biological healing of the AT ruptures. Since the paratenon is weak, our sutures may be more effective than biological healing in ruptures associated with Achilles tendinosis. 14 Cretnik et al 35 and Lim et al 37 compared the results of percutaneous versus open AT repair in prospective randomized studies and emphasized that the percutaneous technique brings comparable functional results, with significantly lower complication rates and improved cosmetic appearance.
Buchgraber and Pässler 50 compared the results of immobilization and functional postoperative treatment after using a standardized microinvasive technique for AT rupture. Their results revealed that patients undergoing functional postoperative rehabilitation with early weight bearing were hospitalized for shorter periods and lost fewer days from work than those in the cast group and had less severe calf muscle work by the injured leg than postoperative immobilization. The rerupture rate was reported no higher than after cast immobilization, but lower than after open surgical repair or conservative functional treatment alone. 50 Similarly, Majewski et al 51 compared postoperative below-knee cast immobilization and early functional therapy using a special shoe following percutaneous repair of acute AT ruptures. Results indicated that early mobilization in a special shoe provides a good clinical outcome and shortens the time for return to work and sports, so it is preferable to postoperative immobilization after percutaneous AT repair.
Carmont and Maffulli 47 recommended a mini open technique, with a 1.2-1.5 cm transverse incision at the level of the rupture, to directly observe whether the appropriate juxtaposition of the ruptured tendon ends has been achieved. This method of percutaneous repair permits a less invasive approach to the tendon and accurate opposition of the tendon ends and minimizes the chance of sural nerve injury. Although the main disadvantage of this procedure is requirement of experience on soft tissue endoscopy, we recommend practicing this technique on cadavers or amputated limbs before clinical application. 52 New techniques utilizing growth factors may offer the biological potential to enhance the quality and biomechanical integrity of healing knee ligaments. 17, 18 In vitro studies suggested that growth factors (PRP injections) released by platelets recruit reparative cells and may augment soft tissue repair. 19, 21 Sánchez et al 17 reported the operative management of tendons combined with the application of autologous growth factors also seems promising to improve tissue healing response and functional recovery. To accelerate the healing response and revascularization of ruptured tendon, PRP, prepared by withdrawal of patients' peripheral blood 
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Achilles tendon rupture and centrifugation to obtain a highly concentrated sample of platelets, was injected to the ruptured site of the AT. Although randomized controlled trials are necessary to claim the effects of growth factors, the use of autologous PRP is shown to be safe, reproducible, and effective in mimicking the natural processes of soft tissue and bone healing.
Conclusion
Percutaneous repair of the AT under endoscopic control with local infiltration anesthesia is a safe method when compared with open surgery or minimally invasive approaches. It is likely more cost-effective than open techniques, and, in some settings, endoscopic control carries no additional costs. Also, this technique results in excellent wound appearance without any severe complication ( Figure 10 ). Furthermore, this procedure protects the paratenon and thus blood supplies of the tendon and should enhance biologic recovery. Direct visualization and manipulation of the tendon ends also provide stable repair that allows early weight bearing and ambulation and can be used in athletic individuals. 
